and Matzen et al. 12 have reported the highest spin-polarization (-8%) value at room temperature with a CoFe 2 O 4 based spin-filter. Nevertheless the complex crystal structures of ferrites make their integration as tunnel barriers in SFTJ devices challenging. A topical solution lies with the use of perovskite-type manganites. They are routinely grown as thin films as well as lattice-matched epitaxial hetero-structures. Another advantage being their chemical and structural compatibility with numerous oxide electrodes. 13 In particular, manganites have been widely explored as electrodes in magnetic tunnel junctions (MTJ).
14 Their application as a FI tunnel barriers (in SFTJs), is now emerging. One recent example is provided by Harada et al. 15 with a Pr 0. 8 values of the rocking curves for (004) reflection of the film and that (002) of the substrate were found to be the same (0.04°), demonstrating thereby a high degree of crystalline orientation of the film. Figure 1d shows the reciprocal space map (RSM) around the (206) reflection of the film along with the (113) reflection of the substrate, which indicates that the film is fully strained in-plane. Epitaxial growth and high crystallinity are further confirmed by transmission electron microscopy (TEM) of a SSMO film deposited on a STO (001) substrate under the same growth condition (Figure 1e ). The uniformity of the image contrast in the film area suggests that the composition is homogeneous. The cationic composition of the film was investigated from the energy dispersive spectroscopy analysis on a duplicate film grown on an NdGaO 3 (001) substrate in the same run, and found to be in excellent agreement with that of the target.
The resistance versus temperature plot (Figure 2a ) of an 18 nm thick SSMO film indicates its insulating nature below room temperature. Resistance of the film increased beyond the measurement limit below 175 K. The electrical transport mechanism of the film at higher temperatures (i.e., under paramagnetic regime) can be explained by the EminHolstein 18,19 small polaron hopping (SPH) model in the adiabatic limit. Accordingly, the resistance R(T) is given by
here E A is the activation energy, T the temperature and A is a constant determined by polaron concentration and hopping length. In manganites, the strong electron-phonon interaction leads to the formation of such small polarons. 20 The value of E A obtained by least square linear fitting of ln (R/T) versus 1/T plot is 160 meV, higher than 45-56 meV of the corresponding bulk. 21 This amounts to reduction in charge transport and can be attributed to epitaxial strains and impending structural distortions in the epitaxial film.
In order to demonstrate the tunnel barrier potential of SSMO in a SFTJ, a tri-layer barrier height thus obtained is 0.5 eV, which is typical band gap for the perovskite manganites. 25 At lower temperatures, the dynamic conductance curve exhibits a zero bias anomaly (ZBA), suggesting operation of additional scattering processes at low bias. This ZBA diminishes slowly with increasing temperature.
Small zero-bias anomaly observed earlier in SFTJs, 26, 27 has been explained in terms of electron tunneling assisted by magnon or phonon excitations (i.e., inelastic scattering).
However, large ZBA found in SFTJ here suggests role of a different scattering mechanism, possibly involving impurities present at the interface. The impurities may act as scattering centers for tunneling electrons modifying thereby the interfacial density of states. 28, 29 Several attempts have been made to understand the mechanism of interface impurity assisted electron transport through the barrier. [30] [31] [32] For the magnetic impurities induced large ZBA peaks in dynamic resistance in tunnel junctions are explained by the Kondo scattering model. [33] [34] [35] In addition to ZBA, the R versus T plots of the spin filter tunnel device at different currents ( Figure 3b) show decrease in extent of resistance drop below the magnetic transition temperature with decreasing current. It means that the device resistance is higher than a SFTJ at a lower current due to the additional scattering becoming active at low temperatures.
However, at high currents (1 and 1.5 mA), R-T plots follow the expected trend. In order to investigate the contribution of various scattering processes to electron transport across the junction, the additional dynamic resistance at lower currents (denoted by D) is calculated (inset of Figure 3c ). For this, the dynamic resistance without any scattering process obtained 
The logarithmic dependence of D on T and the scaling behavior give signature of Kondo-like effect in the fabricated SFTJ; the Kondo temperature (T K ) being around 27 K. Lee et al. 35 have also observed large ZBA in magnetic tunnel junctions and explained by Kondo effect arising due to presence of magnetic impurities at the interface. In the present SFTJ, coexistence of ferromagnetic, spin glass and/or antiferromagnetic clusters at the barrierelectrode interfaces is possible because the interface is not abrupt (as revealed by crosssectional TEM image, Figure 2d ). These spin-disorder and/or antiferromagnetic clusters perhaps act as scattering centers for tunneling electrons, producing thereby the Kondo-like effect. A small amount of spin-disordered clusters in a ferromagnetic phase is reported to trigger a Kondo-like behavior at low temperatures. 37 Figure 3d shows the effective spin polarization as a function of applied bias with and without considering the Kondo effect. The spin filtering efficiency of the junction can be calculated by the method given elsewhere (see Supporting Information). 7, 8 Our SFTJ exhibits a spin-polarization up to 75 % at 5 K, which is nearly double to reported oxide based junction 15 . Reduction in spin filtering efficiency at lower bias can be correlated with Kondo scattering at low temperature. Figure 4a shows sharp decrease in junction resistance (with 500 µA current at 5 K) with increase in magnetic field. On reversing the direction of the magnetic field the resistance increases again but the virgin curve is never recovered. When decreasing from + 9T, a peak of the resistance appears at -0.2 T, which is the coercive field of SSMO (inset of Figure 4a ).
With the subsequent cycles of the magnetic field, the resistance of the device shows hysteresis. This can be explained by the coexistence of AF with FM phases in SSMO. Upon applying a magnetic field, a fraction of the AF phase transforms to FM and the SSMO barrier layer exhibits a meta-magnetic transition. 38 As a consequence, the net ferromagnetism of the barrier layer is enhanced, which increases the exchange splitting and causes reduction in the barrier height for the tunneling of spin-up electrons. Similar field dependent exchange splitting has been observed in the case of EuSe barrier. 5 Note that the EuSe is an antiferromagnet but becomes ferromagnetic with a small applied magnetic field. The isothermal magnetoresistance (MR), ΔR/R(µ 0 H = 9T), plots of the device are shown in Figure   4b . At low temperatures, the MR curve shows hysteresis upon sweeping the magnetic field, which points towards the occurrence of a first order phase transition in the barrier layer. 39 With increasing magnetic field, the spins can be aligned easily but more energy is required Epitaxial LNO/SSMO/LNO tri-layer structures were deposited on atomically flat STO (001) substrates at the optimized deposition conditions. The thickness of both top and bottom LNO layers was ~ 200 nm. Polycrystalline gold layer was deposited by standard DC magnetron sputtering to serve as a top contact. A series of 4 µm tracks were first patterned by optical lithography and then created with argon-ion milling. Finally, the nano-pillar devices with an average dimension of 500 nm x 500 nm were fabricated using focused ion beam (FIB) nanomachining technique described elsewhere. 40, 41 Transport measurements were carried out in four-point configuration in a closed-cycle He cryostat system.
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